Summary. The newt parathyroid gland in natural hibernation and in hyperfunctional conditions induced by the intraperitoneal injection of phosphate was electron-microscopically studied. The average numbers of mitochondria, Golgi apparatus, large homogeneously dense bodies, large heterogeneously dense bodies, vacuolar bodies and lipofuscin-like thyroid glands of the phosphate treated and hibernating (control) newts. The parenchymal cells of the newt parathyroid gland were classified into basal cells and suprabasal cells. Daily administration of phosphate caused no marked changes in the former cells. In the latter under experimental conditions, granular and agranular endoplasmic reticula and small dense granules seemed to be increased in number, while glycogen granules appeared decreased in number when contrasted to those in the control newts. The Golgi apparatus and large homogeneously dense bodies were increased in number reaching a maximum after 7 days of phosphate administration, and lipofuscin-like bodies were gradually increased in number during the experimental stages. On the contrary, vacuolar bodies were first rapidly, then gradually decreased in number. Large heterogeneously dense bodies subdivided into a vesicular type and lysosomal type were slightly decreased during 14 days' administration of phosphate and increased in number after 21 day administration. Under experimental conditions the vesicular type heterogeneously dense bodies were more dominant than the lysosomal type. The numbers of mitochondria were hardly varied as compared with control newts. The ultrastructure of the normal parathyroid gland has been studied extensively. Furthermore, a number of investigations on the fine structure of the parathyroid gland under experimentally hyper-or hypo-functional conditions have been reported in the rat (DAVIS and ENDERS, 1961; RAISZ, 1964, 1966; LEVER, 1965; MAZZOCCHI et al., 1967; HARA and NAGATSU, 1968; ROTH et al., 1968; ROHR and KRASSIG, 1968), frog (MONTSKO et al., 1963a; LANGE and BREHM, 1965) , cow (CAPEN et al., 1965) , rabbit (MELSON, 1966; TANAKA, 1969a, b; TANAKA et al., 1969a, b), mouse (STOECKEL and PORTS, 1966b; NAKAGAMI, 1967) , cat (CAPEN and ROWLAND, 1968) and bat (AZZALI, 1970) .
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However, the morphology of the secretory cycle of the parathyroid gland is still a matter of speculation.
By comparison of the parathyroid gland of the naturally hibernating newt (SETOGUTI, ISONO and SAKURAI, 1970a) with phosphate treated ones the present paper aims at the elucidation of the correlations of different types of inclusion bodies in the gland: small dense granules, large homogeneously dense bodies, large heterogeneously dense bodies, vacuolar bodies containing uncoated vesicles and/or coated ones, and lipofuscin-like bodies (heterogeneously dense irregularly shaped masses with almost no limiting membrane).
Materials and Methods
The experimental animals used for this work were adult newt, Triturus pyrrhowere daily given 0.4ml of 1% Na2HPO4 solution (phosphate) intraperitoneally for 3, 7, 14 and 21 days.
The parathyroid glands from naturally hibernating (control) newts and those treated with phosphate were removed without anesthesia, immediately fixed in MILLONIG's fixative (1962) for 1.5 hours, dehydrated in ascending concentrations of cold acetone, and embedded in Epon 812 (LUFT, 1961) . Thin sections obtained with a Porter-Blum ultramicrotome were stained with uranyl acetate (WATSON, 1958) followed, by lead acetate (MILLONIG, 1961) and examined with a JEM 6C electron microscope.
From electron micrographs taken at low magnifications of 2,000 times with a JEM 6C electron microscope and further enlarged photographically 3.7 times, the dimensions of the cytoplasm except for the nucleus were measured by a planimeter. There were occasionally observed a few small dense granules enclosed in a loose fitting membrane and coated vesicles in the Golgi field. Large, round or irregularly shaped, homogeneously dense bodies bounded by a limiting membrane were dispersed plasm ( Fig. 18 ). Large, round or irregularly shaped heterogeneously dense bodies with a limiting membrane were observed outside or inside the Golgi fields. Their more, subdivided into a vesicular type having mainly vesicles and a lysosomal type containing tubules, extremely osmiophilic flecks, and/or a less dense lipid-like substance, or combinations of these. There were transitional types between the two. The lysosomal type heterogeneously dense bodies were more dominant than the vesicular type, and most of the heterogeneously dense bodies consisted of the lysosomal type. In addition, large vacuolar bodies with a round or oval, sometimes irregularly shaped outline, containing various numbers of uncoated vesicles and/or coated ones, and frequently a floccular or extremely dense material, were frequently dispersed out- Phosphate treated newts In the parathyroid glands after 3, 7, 14 and 21 days of phosphate administration, the cytoplasm in the majority of the suprabasal cells comprised a greater proportion of the total cell volume than was observed in control newts. After 7 and 14 days of phosphate administration, the plasma membrane between adjacent suprabasal cells showed complex interdigitation (Fig. 3) . Intercellular spaces were generally narrower than those in control newts and contained a floccular substance in various quantities, but intercellular spaces surrounded by three or more suprabasal cells were, in some places, relatively wide and contained a large amount of floccular substances (Fig. 4) . The nucleus had slight indentations, and its surfaces were generally smoother than of cytoplasm after 3 days of phosphate administration, 48.5 after 7 days, 58.8 after 14
days and 45.6 after 21 days (Fig. 18) . Glycogen granules and free ribosomes were dispersed in the cytoplasm and the former were decreased in number when compared with control newts. Granular and agranular endoplasmic reticula were distributed Fig, 12-15 . Various types of lipofuscin-like bodies (LB) with almost no limiting membrane composed of an extremely osmiophilic substance and a homogeneously less dense lipid-like material observed in the cytoplasm of the suprabasal cell after phosphate administration. (Fig. 6, 8 ). There were observed a large number of small dense granules and a small number of fairly large-sized dense granules enclosed in a loose fitting membrane in the Golgi fields (Fig. 6, 8) . The averafter 3 days of phosphate administration, 2.44 after 7 days, 1.99 after 14 days and 1.92 after 21 days (Fig. 18) . Furthermore, as contrasted with the Golgi apparatus in control newts, they were increased in size and complexity in the majority of the suprabasal cells. Occasionally, small dense granules resembling those seen in the Golgi fields were observed in the peripheral cytoplasm or along the cellular membrane (Fig. 5) . Both inside and outside the Golgi fields, large, round or oval, sometimes irregularly shaped homogeneously dense bodies bounded by a limiting membrane (Fig. 7) , cytoplasm of the suprabasal cells after phosphate administration.
M mitochondria, G Golgi apparatus, MB homogeneously dense bodies, TB heterogeneously dense bodies, V vacuolar bodies, LB lipofuscin-like bodies. large, round, or oval sometimes irregularly shaped heterogeneously dense bodies subdivided into a vesicular type having mainly small vesicles (Fig. 8, 9 ) and a lysosomal type containing tubular structures and an extremely osmiophilic material (Fig. 2, 9) , and large, round or oval, sometimes irregularly shaped vacuolar bodies containing vesicles and/or coated ones and a floccular or extremely dense material (Fig. 2, 8-10 ) were frequently dispersed in small or large groups (Fig. 11 ). There were, of course, transitional types among the four mentioned above. In the phosphate treated newts, the vesicular type heterogeneously dense bodies were more dominant than the lysosomal type. The average numbers of the large homogeneously dense bodies were 1.80 after 14 days and 1.60 after 21 days (Fig. 18) . The average numbers of the large heterogeneously dense bodies were 0.55 after 3 days, 0.49 after 7 days, 0.53 after 14 days and 1.08 after 21 days (Fig. 18) . The average numbers of the vacuolar bodies were 3.41 after 3 days, 3.20 after 7 days, 2.89 after 14 days and 2.43 after 21 days (Fig.  18) .
Lipofuscin-like bodies with almost no limiting membrane, composed of an extremely osmiophilic substance and homogeneously less dense lipid-like material (Fig. 7 , 12-15), and lipid-droplets (Fig. 16) were frequently observed, mainly in the Golgi fields.
phosphate administration, 1.08 after 7 days, 0.95 after 14 days and 1.26 after 21 days (Fig. 18) . The latter appeared to be increased in number when compared with the control newts. Sometimes there were intermediate types between the lipofuscin-like bodies and lysosomal type heterogeneously dense bodies (Fig. 17) , as observed in control newts.
A large number of vacuoles similar to those investing the Golgi fields were often present in the peripheral cytoplasm adjacent to the Golgi field and along the cellular membrane near the intercellular spaces (Fig. 7, 11 ).
Discussion
The ultrastructural observations of the amphibian parathyroid glands have been described by several workers (Bufo vulgaris: HARA et al., 1959; LANGE and BREHM, 1965; Rana esculenta: MONTSKO et al., 1963a, b; TIGYI et al., 1968; Rana temporaria: LANGE and BREHM, 1965; Rana clamitans: ROGERS, 1965; Rana pipiens: CORTELYOU and MCWHINNIE, 1967; Xenopus laevis: COLEMAN, 1969) . Only a single cell type has been identified in the amphibian parathyroid glands. As reported previously by the present authors (SETOGUTI et al., 1970a, b) , however, also in the present study on the newt parathyroid gland the basal cells and the suprabasal cells were distinguishable in the parenchyma. The cell organelles and other various inclusion bodies in the basal cells after phosphate administration did not show much change. The fine structure of the parathyroid gland after the administration of phosphate has been stated by some authors (LANGE and BREHM, 1965; MELSON, 1966; STOECKEL and PORTE, 1966b; ROTH et al., 1968) . In the suprabasal cells stimulated by daily injections of phosphate, there were recognized marked differences in shape, number and size of cell organelles and other inclusion bodies as compared with the control animals.
The plasma membranes of the suprabasal cells pursued a tortuous course, showing complex interdigitations between contiguous cells after 7 and 14 days of phosphate administration. Similar changes in the plasma membrane have been reported in active chief cells of the parathyroid glands (DAVIS and ENDERS, 1961; ROTH and MUNGER, 1962; ROTH and RAISZ, 1964; CAPEN and YOUNG, 1967; CAPEN and ROWLAND, 1960 . The numbers of mitochondria were hardly varied as compared with control newts. However, a decreased number of glycogen granules, an increased number of granular and agranular endoplasmic reticula and an increased number of well developed Golgi apparatus (a maximum after 7 days of phosphate administration) as compared with control newts may show a hyperfunctional condition of the suprabasal cells as reported by several authors (CAPEN et al., 1965; MELSON, 1966; ROTH and RAISZ, 1966; MAZZOCCHI et al., 1967) .
In the Golgi fields there were numerous small dense granules reported generally as prosecretory granules in the parathyroid gland cells. They were also present, although less numerous, in the peripheral cytoplasm outside the Golgi fields. Such small dense granules were increased in number as compared with the control newts.
This increase is thought to imply an active secretory function of the suprabasal cells under experimental condition. LEVER (1965) , MELSON (1966) and NEVALAINEN (1969) have reported the possibility that in the actively secreting parathyroid gland of the rat, rabbit and hen, respectively, small prosecretory granules most frequently found in the Golgi fields could be discharged out of the cells without being coalesced into large, mature storage secretory granules. Recently, YOUSHAK and CAPEN (1970) have described that in the hyperactive chief cells of the chicken parathyroid gland prosecretory granules budding from the Golgi membranes fuse with the plasma membrane and their internal cores appear to be discharged through a hiatus in the plasma membrane into the extracellular space.
In addition, most large, round or oval membrane-bounded homogeneously dense bodies found outside or inside the Golgi fields, resembled those hitherto reported as being secretory granules in the parathyroid glands. However, some of them, especially the irregularly shaped homogeneously dense bodies, were considered to be lysosomal bodies, and such dense bodies were only rarely observed in experimental newts, though they were frequently found in control newts. The large homogeneously dense bodies were increased in number as compared with control newts, reaching a maximum after 7 days of phosphate administration. It has been described that secretory granules increased in number in the parathyroid glands upon experimental stimulation (DAVIS and ENDERS, 1961; RAISZ, 1964, 1966; CAPEN et al., 1965) . the latter seemed to be transformed into vacuolar bodies and seemed to display typical lysosomal digestion processes. Large vacuolar bodies were also observed both outside and inside the Golgi field. Of these, the vacuolar bodies containing small vesicles belong to the so-called multivesicular bodies described in several animal species (DAVIS and ENDERS, 1961; HARA and NAGATSU-ISHIBASHI, 1964; LANGE and BREHM, 1965; ROGERS, 1965; NAKAGAMI, 1967; CORTELYOU and MCWHINNIE, 1967; HARA and NAGATSU, 1968; NAKAGAMI et al., 1968) . In this work, the vacuolar bodies were first rapidly, then gradually decreased in number during experimental states. Their decrease might be closely related to a hyperfunctional condition of the suprabasal cells. The vacuolar bodies suggested to be lysosomal in nature in the previous reports (SETOGUTI, et al., 1970a, b) on the basis of the theses of GORDON et al. (1965) , SMITH and FARQUHAR (1966) , HOLTZMAN et al. (1967) and LANE (1968) and PORTS, 1966a; MELSON, 1966; NAKAGAMI, 1967; CAPEN and YOUNG, 1967; TANAKA, 1969b; YOUSHAK and CAPEN, 1970) . Other workers have considered dense granules in the connective tissue space and the capillary endothelial cell as secretory granules extruded from chief cells (MUNGER and BOTH, 1963; CAPEN et al., 1965; MELSON, 1966; FETTER and CAPEN, 1970) . Furthermore, STOECKEL and PORTE (1966a, b) and TANAKA (1969b) have suggested that secretory granules pass into the extracellular space in a soluble form after fusing with the plasma membrane.
In the present study, however, the large round homogeneously dense bodies resembling secretory granules which attach to the plasma membrane and are in the extracellular space, were not observed.
Accordingly, the morphological evidence of the mechanism by which the large round homogeneously dense bodies are extruded from the suprabasal cells was unconfirmable.
Lipofuscin-like bodies and lipid droplets were observed mainly in the Golgi fields.
Similar bodies have been reported in the parathyroid glands of several mammals (LANGE, 1961; MUNGER and ROTH, 1963; NAKAGAMI, 1965; CAPEN et al., 1965; ROHR and KRASSIG, 1968; CAPEN and ROWLAND, 1968; FETTER and CAPEN, 1970) . NAKAGAMI (1965) has supposed that some of such bodies may be lipid and some others lysosomal and ROHR and KRASSIG (1968) have stated that they may be a hormone-lipoprotein complex and transformed into lipids after the release of the hormones. FRANK and CHRISTENSEN (1968) have reported that lipofuscin pigments show acid phosphatase activity in their matrix.
Accordingly, lipofuscin-like bodies may be lysosomal in nature as described by STREHLER and MILDVAN (1962) , BARKA and ANDERSON (1963) , KOENIG (1963), and SAMORAJSKI et al. (1965) . It is presumed, furthermore, that these lipof uscin-like bodies may be end products of the degeneration of various organelles in the Golgi fields as it has been reported that lipofuscin pigments are derived from the Golgi bodies (GATENBY and MOUSSA, 1951; BONDAREFF, 1957) and ultimately they may be changed into lipid droplets. WILCOX (1959) 
